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E"XECUTIVE SUMMARY

I. Background. The Tender and Repair Ship Lwad List (TARSLL) specifies

the range and depth of the items carried by each destroyer tender (AD) and

repair ship (AR). Soprite load lists .are prepared for the Atlantic and

Pacific, but all ADs ancd ARs in I.he sime oce,,n carry the same load. The

curresit set of cosputations for AD/AR TARSLL was developed and approved by

the Naval Supply Systems Coumxnd (COMNAVSUPSYSCOM) more than 15 years ago.

S11.twe then there have heen numerous revisions, additions and deletions to

the PLithoLia.,l Imodlel, i.e., the computational rules. There has not been,

however, sty ;yatematic evaIIwiti i of the modlel or of the AD/AR TAHSLL

produ'tion proce:.n duinq that time.

Z. Appruonqs. 'ihin stuly beqan by evaluating four alternative ways of ex-

tracting dta to buiLd the load list candidate file. Aspects of the model

thoat were evaluwated include the r-anqe, depth dal protection level constraints,

ilt Awnaqe aar.trly hIx-mnd (AV)) .and risk of stockout computations, the

aftactivehoss toal, anl the u%e , of ierite c.ffectjveneL- goals for different

avat'Vets or Lim- .mdidLu file. Tfh urn'. of mwnual override quantities was

All o,;J Itth.I Li.l Wq'rr' h,.Wcd Coto .. 0. ext racted from the Navy Ships

P.ots )nIrol C ritir t) fil,}. in 1'1l/"-19O. The tiemind:s used to build

IN, l,, c-ver"l Ila. P-vrtl July 1)77 throtiqh June 197'0. The test

lkIst vre f h., ,-valuatl by +-,uqmrin9 the coml'uted Ihid list quantity with

9JO ruy- "f qodqWuent , t.lI tender dem.rl'I. Ivalu.itorns were made for each

tvlo ,)F ken, o f,)r lrpitwyed itno o ,l v .-w, ,.ar

t. !'1,FtiJj1,.; kl),wf O11v'11A1UcILJatwO;. TU t,ndidate file analysis showed that

lrf h? -rt,1-i - in Itw. ';1:e 00 t of l. .afdid.,|ta file pr(xtlive large increases in
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the size and cost of the load list but only small increases in effectiveness.

Though the differences between the largest and smallest loads in terms of range

(22,000 to 14,000 items) and cost ($3.7 million to $1.9 million) were signifi-

cant, the differences in effectiveness never exceeded five percent and were

often much smaller. The maximum gross effectvene,;- if ill candidate i.tenis

were stocked varied from 80-90% for all candidate file-;, indicatinq that

most evaluation period demands were for candidate items.

The model evaluation indicated that elimination of the range cut would

result in increased range and dollar value, but decreased effectiveness.

This apparent paradox, more stock but less effectiveness, occur'; because the

lack of a range cut changes the mix of items on the load list. The items added

do not satisfy as many demands as did the item!3 delcted. SiMi larly, the study

showed that the current criteria were more cost-effective than the other

alternatives for computing AQD, computing stockout risk, setting minimum/

maximum protection levels, and setting effectiveness goals.

This study also identifies several areas where changes will produce a more

cost-effective load list. The basic change proposed is that the candidate

file be divided into two segments; items which have experienced demand during

the two year history used to build the candidate file should be separated

from items which have not experienced demands. It is recommended that future

AD/AR TARSLL loads be built with a lower range cut for demand-based items than

for items with no historical demand. It is also recommended that al.] manual

overrides for demand-based items be eliminated. while overrides for demand-

based items did improve load list effectiveness when used with current pro-

cedures, they also raised the cost of the load list. The study, however,

showed that the revised procedures recommended above, which utilize a lower

ii



range cut for demand-based items, can reduce co.st 500-700 thousand dollars

for the same effectiveness or increase the number of requisitions satisfied

as much as 11% for the same dollars, even if overrides are eliminated.

Finally, the study showed that current depth constraints on items with no

historical demand tend to increa:se cost and decrease effectiveness. Items

are constrained when hiqh predicted usage is not reflected in the historical

demand data. The item- are also excluded from load list effectiveness cal-

culations for the same reason. Such adjustments to the effectiveness

computations produce changes in the stocking levels of many other items and

here result in increased load list costs and lower load list effectiveness.

Furthermore, depth constraints tend to decrease support for new weapons being

introduced into the Fleet. Therefore, these constraints should be eliminated.

|i
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from I July 1977 through 30 June 1979. The fin,,1 composit ion ( tHie tfour

candidate files used in the :;tudy i ; shown in 'PABI.1': 1.

TABLE 1 I

TARSLL CANDIDATE FILE

SYSTE4 USED TO NR ITEMS NR ITEMS ONLY TOTAL NR ITEMS
SELECT APLs FROM WSF IN DMD FIL.E. IN CANDIDAEI T FLE

HI 304,705 12,407 317,112
f17 ]50,310 14,236 164,546

3M2 176,487 14,237 190,724

1980 117,450 18,981 130,431

It should be noted that the candidate file range is less than the sum of all1

items extracted from the WSF plus all items from the MLSF demand file. For

example, in TABLE II, the HIl candidate file contains 317,112 items of which

304,705 are WSF items but only 12,407 of the 25,029 in the MLSF demand file

are included in the candidate file count. This occurs because each separate

National Item Identification Number (NIIN) on the WSF extract produces a

corresponding record on the candidate tape, but only records unique to the demand

file produce additional candidate records. If the same NUIN appears on both

the WS,' ..nd MISF demand extracts only .i single cdndidite record containing6
data from both sources is built.

Each of the four candidate files listed in TAWE It wan. used with the

current AD/AR TARSLL mathematical model program to build a test load list.6
The adjustable parameters in the model were set at the values selected during

the production of the 1980 Atlantic AD/AR TARSLL. A list of the model's

variable parameters and the settings used throughout this study are found in

APPENDIX A. Using current model simulation procedures, each of the four test

60Q



loads was designed to have ci predicted net requisition effectiveness of 90%.

Range and price statistLcs for the test load ]Lsts built following these

procedures are shown in TABLE III.

TAB U.; , I

RAN(IE AND DX1.IAR VAI'.0l: STATISTICS FOR ALTERNATE CANDIDATE FILES

CANDIDATE CANI)IDATE LOAD LIST LOAD LIST COST
FILE RANGE RANGE (MILLIONS)

HI 317,112 22,023 $3.715
H7 164,546 18,711 2.859

3M2 190,724 18,187 2.353

3980 136,431 14,480 1.906

In order to evaluate these loads and the candidate files from which they

are derived, it is necessary to measure the degree to which each load meets

the performance goals it was built to achieve. The goal is the same for all

four test loads. For a 90 day period, the load list should satisfy 90% of

the requisitions for item-; carried on the load list without augmenting or

resupplying the load list in any way.

*The evaluation procedure consists of matchinq the load list against all

the demaivds experienced by an actual AD or AR during a 90 day period and

. mcasurinq the number of demands which the load list assets can satisfy. The

dem.iod us..;ed in thu eva I ut ion cainnot be for the :;ame time period as the demand

us;d in developingi the I ; h or the retults will be hiiised.

The d,,ta ued il l l(. v.,1u.ition process for Lhis fstudy consist of demands

For two different 00 day periods from each o[ two tenders, the USS VULCAN

(AR 5) and the USS YOSEMITE (AD 19). The demands used to build the load lists

-- " .i' '-.,'ialmama iii~l ii n 7



covered the period from 1 July 1977 to 30 June 1979. As TABLE IV shows, the

demand used in the evaluations did not duplicate any of the load list demand.

TABLE IV

EVALUATION DEMAND DATA

DEPLOYED OR CONUS
TENDER DURING DEMAND PERIOD TIMM PERIOD

USS VULCAN (AR 5) Deployed Mod 1 Oct 79 to 31 Dec 79

USS VULCAN (AR 5) CONUS 1 Mar 80 to 31 May 80

USS YOSEMITE (AD 19) Deployed Mod I Feb 80 to 30 Apr 80

USS YOSEMITE (AD 19) CONUS 1 Jul 79 to 30 Sep 79

The evaluation program measures the effectiveness of each load list in terms

of the number of NIINs satisfied, the number of requisitions satisfied, and

the number of units satisfied. In each of these categories, the effectiveness

is calculated in two different ways, net effectiveness - the percent of load

list items demanded that are satisfied, and gross effectiveness - the percent

of all demands that are satisfied.

Each of the four test loads described in TABLE III was matched against

* each of the four evaluation tapes. The results of these runs are shown its

TABLE V.

It is noted that all effectiveness cavsurcs in this report reflect the

ability of the load livt quantity to satisfy 90 days of demand with no resupply

and no consideration of additional Demand-Based Item (DBI) levels computed by

the ship. A review of all Atlantic AD/AR ship supply effectiveness reports

for 1980 indicates that actual qross requisition effectiveness generally varies

between 55-70%, while net requisition effectiveness qvtteral]y varies between,

0,B
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In each case, only 1,000 to 1,800 items ;hiowed demand iri any ow' quarter on

a given tender. However, it is important to emphasize that current policy

identifies the AD/AR TARSLL as war reserve stock. Thus, it is the ability

to provide required intermediate level maintenance support in the period

imediately after mobilization that determines how well the AD/AR TARS.,

fulfills its missinn. Since this study cannot directly measure the load

list's response to wartime dem.nds, instead it mosured the load's ability

to supply peacetime Fleet demands. Although only a small number of items

experienced peacetime demand on a given tender in it givun quarter, the lo.d

is largely an insurance lovel and it was not posrible to measure how many

items would be demanded across the entire Fleet under mobilization condi-

tions. It is noted that a previous FMSO study (ALJRAND Wurkinq Memorandum

358 of 3 June 1960) showed that AD/AR demands are very erratic with most

items experiencing long intervals botwuen demand. Over a seven year demand

history in each Fleet, about 52% of the itms experienced demand in only

~e of the seven years. Only 2,700 - 3,000 items in each Fleet experienced

demand in each of the seven years. Purthermore, almost half the items

demanded over the seven year period were unique to a single An or AR. Thus

it is not unexpected that a large portion of the load list ranqe, which

1A built to support an entire Fleet cver a three year period, would

wxperience no demand t a given tender in a given qurarter.

Since the T Xt: V effectiveness is .ffocte ! by the model range criteria

as well as the candidrite file, evaluations were carried one step further

by mathmatically cc" itinq the maximm possible effectiveness each candidate

file can produce. This method has an advantmWe in that it is a direct

measuremnt of the candidate file itself and not of a load list built from a

12
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candidate file. This value is derived by adding the data on load list items

experiencing demands to the data on noriload list candidate items experiencing

demands and dividing by the total number of demands. The result is the

maximum gross effectiveness that could be achieved hy a candidate file dur-

ing a given demand period if every candidate item was stocked. This value

can be computed for NIINs, reqi;itions, or units.

The results of the maximum pj)ssible effectiveness computations appear

on TABLE VII and show that the Ill candidate file has the highest maximum

effectiveness in every category of all four evaluations. The 3M2 candidate

file has the second highest effectiveness in eight of the 12 categories and

either the 117 or 1980 files are always the least effective. While the HI

file contains more than twice as many candidate items as the 1980 load,

the difference between them in terms of maximum NIIN or requisition effective-

ness is never more than 5%. The difference in maximum units effectiveness

is only 0.7% or lesn. For the 3M2 and 1980 files, the difference in

* miximum (!tfu(;tivt'ativ:; :i qvilr.u lly less Lh.an ]%. 1t ju rnoted that the

SIl.,xilmtm qrns:; efte{tjvv,,::: viluo.i; are generally in the ItO-10'1. ranqe,

indic.,ti,,; that nmk.t de.aiid! .re for candidate items.

Cleirly, the lasir f.sct demonstrated it% these tests is that the

effect vt-'ie.: of -i :anul1.,te fill- and the load li t built fr )m it tends to

iii(rei.;w' . the ,umber (if ,ter:.; ii the file or loadl list in-reases. If

either hi Il;. rema an vuv:;t.,xi| , 1,Ir(ii' i ii*,m ;e:; il1 the rjntjr of the cndidi'e

file. will primluro -mll iri'reai.;e in off'.-tiveness but much larger increases

u h~I,, I i. .t i I i? ;;.~ LI rity of 'ie T'AII.: V1 1 V ili,'' for

* ,-I i , . , tl lIl l, I1 , I , F i .11 |l 'rl'u ' I# tWo'-'I I, .1w, V eni 'V'11x.i. VII

tve ?afwlidihte frile s:el-'t ir.
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later in the routines that compute load list depth and load 1i.,;t

effectiveness. Two separate procedures can be u:;ed to comrpUtc the AQD.

Fach uses different data to make the computations.

The AQD can be computed as the simple average of historLu,)] demand or

the AQD can be computed by multiplying the item's; RP" by its popul]ition on

the ships supported by the load list. The current model is dcsigned to favol

the :omputation based on historical demand. It will iutomatically select

that option for any item with historical demand, even if the LHF' and popu-

lation data are also available. Only when an item has no demand history is

the BRF times population procedure used.

A proposed new procedure for AQD computatio)ns is evaluated in this- study.

When historical demand data are available, the AQD is computed both with

historical demands and with the BRF times supported population. The ].uger

of the two value's of AQD is used in the remaining model computations. The

IM2 candidate tape was used to evaluate the effect this and all future

changes to the model would have on the load lists it produced. A demand

and price profile of the 3M2 candidate file, based on the current AQD

computation, is presented in APPENDIX B. The two load lists were built

from the 3M2 candidate file. The first used the current 1980 AD/AR TARSLL

model program without any changes. The second load was built using a

mrdel which contained the routine that selects the larger AQD. Both were

built to provide 90% net requisition effectiveness. Por this and ,all

future tests, the evaluationi was limited to the UISS VIILCAN (AR I) demands

during a CONUS assignment (March 1980 through May 1980). The results are

shwn in TABLE XI.
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TABLE XI

IMPACT OF ALTERNATIVE AQD COMPUTATION

LOAD LIST LL COST TOTAL TOTAL
MODEL LL RANGE (MILLIONS) REQNS SATISFIED UNITS SATISFIED

1980 AD/AR TARSLL 18,187 $2.328 1,269 42,588

"Larger AQD" Model 18,889 2.487 1,283 42,554
+(3.8%) +(6.8%) +(1.I%) -(0.1%)

This evaluation demonstrates that the new "larger AQD" routine will satisfy

about 1% (14) more requisitions but will also increase costs and slightly

reduce the number of units satisfied.

D. RISK OF STOCKOUT. The current AD/AR TARSLL model computes a load list

quantity by using a variable risk procedure. The model computes an acceptable

risk of stockout for each item based on its unit price, average demand and

essentiality.

Risk = A (Unit Price) (Average Requisition Size)

(Essentiality)

where X is a control parameter set to achieve the stated effectiveness goal.

In the past, there have been no meaningful essentiality codes assigned. As

a substitute for this lack of data, the AQ1 is currently used as a measure

of essentiality when an item has experienced historical demand. If an item

hls no dema;d histcory, the "essentiality" for the item is developed in a

.;peci.l model routine usinq the item's population, its component to mission

Mi I it..ry I::;ertialty Code (MEC) and its part to componerit ME:C. A full

* description of the "essentiality" development routine is found in APPENDIX C.

Use of the AQD as an "essentiality" measure tends to ensure that the faster

21
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moving items receive high protection levels (low risk of stockout). After

reviewing the current model program, SPCC recommended that the procedure

for computing the "essentiality" for nondemand-based items be revised.

* SPCC requested that the APD based on BRF times supported population be 1used

as the "essentiality" for items with no dema, d history.

This proposed change to the current model was evaluated using the same

technique described earlier. Two loads were built and then evaluated using

actual tender demand. One load was built using the present model risk

equation and associated procedures. The other load used a mode] containinq

the revised risk equation with AQD as a measure of "essentiality" for all

i* items, as recommended by SPCC. Both loads were developed from the 3M2

candidate file and both were evaluated using the AR 5 (CONUS) demand file.

The results are shown in TABLE XII.

TABLE XII

IMPACT OF REVISED "ESSENTIALITY" IN RISK FORMULA

RISK LL COST TOTAL TOTAL
EQUATION LL RANGE (MILLIONS) REQNS SATISFIED UNITS SATISFIED

Current 18,187 $2.328 1,269 42,588

* Revised 18,187 2.325 1,155 37,583
-(0.1%) -(9.0%) -(11.8%)

The use of the revised risk equation with AQD as the essentiality for all

items caused large reductions in the performance of the load list in this

evaluation. There is a current initiative to assign Mission Criticality

Codes (MCCs) to all equipments installed on-board ships. Upon completion

of this effort, it is anticipated that further study will be initiated to
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incorporate the-;e codes as the essenti.ility measure in the ri-k computation.

E. PROTECTION LEVEL CONSTRAINTS. Protection i's the complement of risk, i.e.,

protection equals one minusf; risk. To compute the load list quantities on

the AD/AR TARSTM,, the mathematical model program computes a separate risk/

protection for each item. WhLile the value of risk/protection will vary from

item to item, constraints.- applied to the computotions prevent extreme or

unacceptable values. These constraints, the maximum allowable risk and the

minimum allowable risk, are ad)ustable and can be set at any value. It is

.llso possible to set them at the same level, producing a fixed protection

load in which all item:s have the same or a "fixed" risk/protection.

Historically, the maximum arid minimum constraints on risk hive been set

at 97.725% and 2.275?, resulting in minimum and maximum protection levels

of 2.275%% and 97.725%, respectively. These values have produced load lists

that meet the required effectiveness goals while keepinq costs as low as

possibht. These load.: provide the highest support to low cost items with

the hiqhest rates of demand and only minimum support to higher priced items

with l',wer rate.; of deniand. This study examined the load list produced

when the .itondarI c .:,iiJr iirit! ,n computed protection are c:hinqed. In

particular, the study cx-iminod a Iodd built usinq ,a t0% minimum protection

instead oI tie ii.zl . .'7 (101. m ix un ri:;k vice 17.7725%). For this load,

the (:orn:;t raiiit i, in, flyi;m n pr otc'Lion rom:tinol at 97.72r,%. These ,are the

cons t inatii ; c'ur r n LI y I;rop ,5e1 f or t 1 . I1 e t Ii -,uc 1u .id Iis t (PILl). The

loul with the rervi ed miniinuin raiit wa; built )nd evaluated in the same

Smr.e r d-sci i ~cri ,, rlior ihi thnr toil;. The reltiIt:; -re shown in rABLE XIII.

,----...,-,,,--,-..,,. .,.,,, == ,,,/ ml..,l ~ i 2 . ..



TABLE XIII

IMPACT OF 60% MINIMUM PROTECTION CXNSTRAiNT

PROTECTION

LEVEL LL COST TOTAL TOTAL
CONSTRAINTS LL RANGE (MILLIONS) REQN SATTSFIED! UNITS SATIS"IED

MAX = 97.725 18,187 $2.328 1,2b 42,588
MIN = 2.275

MAX = 97.725 18,187 3.225 1,281 41,161
MIN = 60.0 +(38.5%) 1.0%)3%)

The evaluation showed that increasing the minimum protection constraint

raises the cost of the load list and the increase can be significant. The

change has much less effect on load list performance, but as the decrease'

in units effectiveness shows, the change does not improve the loads

overall performance. The change also had no impact on the effectiveness

for repairable items, possibly due to the low volume of demands (16) for

repairables on the load list.

F. EFFECTIVENESS GOAL. Specific effectiveness goals have been assigned to

the AD/AR TARSLL in the official instructions which control load list

development. Currently, the goal is defined as the ability to satisfy 90%

of the requisitions for load list items that are received during a 90 day

period without any resupply. For this study, a load list was developed

based upon a net units satisfied effectiveness goail rather than the present

net requisition satisfied goal. To build this load list, a small revision

had to be made to the risk equation in the load list math model program.

When effectiveness is measured in terms of requisitions satisfied, the risk

equation includes an item's unit price, essentiality and average requisition

size.

24
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Risk )(Unit Price) (Average Requisition Size)
(Essentiality)

When effectiveness is measured in terms of units satisfied, the average

requisition size is deleted from the risk equation.

Risk M (Unit Price)
(Essentiality)

In both equations, the "essentiality" is represented by either the item's

AQD or by the relative item essentiality derived from the item's MEC (see

APPENDIX C).

The load list built with a 90% net units satisfied effectiveness goal

was evaluated using the standard procedures used throughout this project.

The results are shown below in TABLE XIV.

TABLE XIV

IMPACT OF UNITS VS REQUISITIONS EFFECTIVENESS GOAL

EFFECTIVENESS LOAD LL COST TOTAL TOTAL
GOAL LIST RANGE (MILLIONS) REQN SATISFIED UNITS SATISFIED

90% Net Requi- 1.8,I87 $2.328 1,269 42,588
sitions
Satisfied

90% Net Units 18,187 2.358 1,275 42,577
Satisfied +(1.3%) t(0.5) -(0.03.)

Vie evaluation results showed that the chanqe from requisitions Satisfied

to units satisfied produced only a small increase in cost and almost no

change in the effectiveness.

r,. SIMULATION SEGMENTATION!. In l1 the loads built thus far for this study,

to ,ilfferentiation has beern made among the candidate items durinq the simu]a-

- : ,uusamara llliilli I I 2 ... ...
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tion process. Historically, in building other types of load ]ists the

candidate file has generally been broken into segmeuLL before Lhv simulation

process is begun. This is done by grouping toqether ,all iuLems blavinq some

common characteristics not found in the other candidate items an~d applying

the effectiveness goal to each separate category. A common procedure is to

segment the candidates into Equipment-Related (M2R) and Nonequipment-Related

(NER) groups. For ER/NER items, a segmented simulation is used because the

math model emphasizes cost effectiveness and tends to increase the depth of

cheaper NER items at the expense of the depth for more costly ER items.

Because of the range cut procedures currently used with the AD/AR TARSLL

a segmented simulation process does not affect the range of the load list.

In this study, three different methods of dividing the candidate file

were evaluated to determine if any of the procedures could improve load list

effectiveness. The file was first divided into ER and NER segments, then

into segments based upon each item's stores account, and finally into one

group which had experienced historical demand and another group which had

not. The ER/NER segments were evaluated first. Candidate items for the AD/AR

TARSLL are defined to be ER if the item was contained in the WSF extract

or if the item appeared in both the WSF and MILSF demand file extracts.

Items which were only in the MLSF demand file extract are defined to be

NER. (Since the WSF extract does not include all APLs on the supported

ships, the ER/NER coding may be misleading.) Using the segmented simulation

procedure, both the ER and NER items were simulated separately until each

group had a predicted net requisition effectiveness of 90%. A total AD/AR

TARSLL was computed by merging the results of the separate ER and NER

simulations into a sinqle load list. This merged ER/NER load was then

26



evaluated usiii( the sAme procedures employed previou:]y in this study.

The second load buwilt usitq i segmented simulation divided the candidate file

into two parts based oi thL item's stores ,iccount code, which i.- the first

character of the cognizance symbol. Items witlh .-t ,tore! account code of

1, 1, 5 or 9 (con:;um))hIc.;) wero p.tced ill mne yroup, wli'le thone with 2, 4, 5,

7 or 8 (repairables) were placed in the other. Ag-iji, both groups were

separately simulated t,, have .i predicted riet r,,luj.sitmio etfectiveness of 90%,

then merged into a single Loaid before the stand~ird ealuation was accomplished.

The final segmented simulation again divided the candidate file into two

groups. One group cOI)taitred All the items with one or more historical demands

reported during the last two years. The other qroup contained all the items

with no eman(ds reported it, the last two years. The same procedure was

followed as with the other segmented loads. Both groups were simulated to

the same. 90% Viet. r,,quJsitioi effectivenes;, then merged into a single load

whi'h war evall.ated usin, the standard procedures of this study.

TAB[LE: XV cuntain5 the result: from the evaluation:; of the three segmented

load IE ;ts pl ui the laLIa t, i1,, I load built with ino ..eqmented simulation.



TABLE XV

IMPACT OF SE(MErED SIMULATION

- I" "

LL BUILDING LOAD .IST 1. COST TOTAL. 1%rrA1.
PROCESS R ANGE+ (MILLIONS) I SI TIl':,[IF1) lIN l'I ;T!-IIII

No Segment.; I H, li S2.32H I,,' 4.r4,it

ER/NER Segments IIt, 110? 2.373 I, 10 4 & (e,"I
+(1.9%) +(1.7% 1 # W 4

Stores Account 18,187 2.370 I, 41.82,0
Segments +(1.8%) -(!.Or) -(1.8')

Demand/No Demand 18,187 2.380 1,104 42,731

Segments 4(2.2%) .(0.1%)

NOTE: All percentages use the No Segment load list au the base.

The evaluation results indicate that both the PE/L-R and the Iiand/o

Demand segmented load lists outperform the nonsegmented load, but using a

stores account segmented procedure reduces overall load list effectiveness.

The ER/NER produces the larqest increase in units satisfied while the

demand/no demand load produces the highest requisition offectiveness.

TABLE XVI shows a further breakdown of the segmentod loads, showing the

contribution each individual segment sakes toward loid list cost .nd

effectiveness.

28
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s 4I)L.o,4,d by reduci ri; the value of the ringe cut. Pou I1(!:;t 1,,.s

wate uilt ind e Valu , I' I. TA I.': XX )resent-. ,! (: irnij ).br i |. 1ll II 1('1'11 . fhn. 111d

tums on test luads built without overrides u.;iinq the cturcrit ind reduced

asig.e cuts and a load list built using override:-.

TABULE XX

IMPACT OF E!.IMINATIN(; OVERRIDES AND LOWERTN(; IAN(;: (UT
(DEMAND-BASED ITEMS ONLY)

RANGF COST OF TOTAl TOTA,
WAD ":lRIDEZS CUT RANGE OF DEMAND RQNS5 UNITS

C|T W us= POINT DEMAND ITEMSt ITEMS (MILLIONS) SAT SFIEI'.D SATISFIEFD

Yes A 9,436 $1.245 L,129 40,529

J a 9,421 .477 1,099 36,281
-(61.7%) -(2.7%) -(10.5%)

Poo 4 12,12;. 744 1,1.70 36,320
-(40.2%) +(3.6%) 1 -(10.4%)

12,061 .897 1,195 36,335
- (28.0%) +(5.9%) -110.4%)

2 14,59 1.243 1,234 36,353

I ( -0.2%) +(9.3%) -(110.3%

+1652 1+(14.4%) -110.2%)

V .,f**p t.#ble wil Ap that it it; lpusible to remove the overrides from

frw If'i Li-t ar-f. iy 0-.u r'm"u.inq 0se r.ange, cuL [pjont for demand-based

t'm -'. "-r" A .pnw Io=, with higher rcqulWitition elffectivoness (see

01 *. 4. Aft S. t "w-r. r vc ,,F the te ;t limas were able to match

to tiit effectiws$s ptrvrodurd by the load list with overrides. Further

olv*i* itvicatet tlat the 101 differorncv in the number of units satisfied

1 t. :.uad ty e erfiles ,wpl!ied to four or five cheap, fast moving

1A



items, and a sinqe item account; for ,ibut three-[ourth:, of the IO

difference. These data iro presented in TABIE XXI which shows the 20 demand

items from the #4 lo,', I i::t which h.ad the largest number of unsatisfied

demnindz; during the It,:d Li,.;t ev.,Lututiun. The items are listed in order

by the nuriber orC unit::; not siti sfi ed.

I"3



TABLE XXI

LOAD LIST #4 ITEMS WITH THE MOST NoT :;ATISFIEJ) DEIMAND.S;

r .MODEL
ITEM UNITS DEMANDED COMPUTED UNIT OVE':RRIDE
NR UNITS SHORT DIRIN(; EVA,UATTON T./T, yUANT PPY I'iRICE C (; QUANTITY! _ __ _ _ --- 4- --
1 4,829 8,000 3,171 .0. 9 (

2 3,149 9,600 6,451. .05 9(G 46,287

3 1,676 1,800 124 1.45 9C0
1,100 1,491 391

5 1.000 1,000 * . * 0
6 980 980 * 0

7 896 900 4 .89 9C 0

8 618 1,100 482 .02 9Z 3,000

9 500 500 * * * 0

10 500 500 * * * 0

ili 419 500 81 .86 11 0

12 390 1,050 660 .16 9', 7,51]

113 366 409 43 3.01 9D 0
i 430 300 * * * 0

14 300 300

-15 293 293 * * * 0

16 292 400 108 .38 9Z 831

17 258 500 242 1.13 9C 0

.18 252 252 * * * 0

119 251 500 24) .68 W1! 1,000

20 245 300 55 .05 4Z 0

*Items not in candidate or override file.

Along with the number of units short, the table also shows the numbor of

units demanded durinq the evaluati.oi and the load list quantity computed by

the model. The difference between the units demanded and the load list

quantity is the number of units short or not sLisfied. If overrides had

been used in this load list, items #2, 8, 12, 16, dnd 19 would have used
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the override quantity instead of the quantity computed by the model. A

comparison between the units demanded and the override quantity for these

five items show that none of them would have had any unsatisfied demands

in the load with overrides. TABLE XX shows that the demand items with

overrides satisfied 40,529 units while the demand items from load list #4

without overrides satisfied only 36,335 items, a difference of 4,194 units.

The difference in units satisfied for the five items shown above between

the model computed depth and the override quantity is 4,700 units. This

difference is enough to explain the improved units effectiveness produced

when the overrides are used. Each of the five items is very inexpensive

and has experienced high demand in the past.

The high units effectiveness and relatively high cost of the override

items was examined further through the frequency distribution shown in

TABLE XXII. The override quantity for each of the override items from

load lisL #1 of T3ABLE XX is compared with the mode] computed quantity for

the s.me item prodhluced by 1loaid list #4 from the same table.

37
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TABLE XXII

FREQUENCY DISTRIBUTION OF OVERRIDE QUANTITY VS COMPUTEID W.AD ias'r QUANTiTY

AD LIST OVERRIDE QUANTITY FOR SAME ITEMS
QUANTITY

CPUTED 11-___ 1001-
BY MODEL 0 1-10 11-20 21-30 31-40 41-50, 51-6,0 61.-80 8-100 1000 () , 1 '

0 7 4 7 1 1 2 1. - 3 -

68 54 31 4 G3 11I

2 4 21 6 8 2 I5 - 2 1 -

3 3 0 4 2 2 4 1 2 - -

4 2 5 10 1 6 6 3 3 1 2

5 - -4 , 4 3 3 2 2- --I-I

6 - 2 2 4 2 2 -. - -

7 - 1 1 1 2 3 4 4 3 - -

a 1 7 3 1 5 2 4 - -l- - 1~ 2 1 1~ 1 -
9 1 2

10-19 -Ii 5 6 5 7 13 11 21

20-29 . ... 2 2 3 7 20 2 -

30-39 1 - - 2 6 1 -

40-49 14 1 - - -1

50-59 3 . .- - - 14- - -

60-69 6

70-79 . .. 6 - -

80-89 - - -

90-99 ,-- - - - 5 - -

_ 99 2 1 - - - - 1 14 28 3

j085 J100 76 64 36 40 53 45 129 34 4

The distribution data show the override quantity was generally

significantly higher (often more than double) than the model computed

quantity.
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A small random sample of the override items was selected in order to

make a comparison between the override quantity and the historical demand

for the item. For every item in the sample shown in TABLE XXIII, the

override quantity, which is theoretically supposed to satisfy 90 days of

demand, is the equivalent of more than two years of demand for one tender.

in one instance (see item 14) the override quantity represents more than 200

years of average demand. The data from this table rInd the earlier frequency

distribution clearly indicate that the override quantity assigned to many

items is excessive when compared to the expected demand for the item and

causes an unnecessary expense.

TABLE XXIII also contains data from the AR 5 (CONUS) live data

evaluation which shows that only three items from the sample were demanded

durinq the evaluation period. F'or items #13 and 15, both the override

;ind the computed quantity were sufficient to satisfy all the demands, but

for item #1, the computed quantity could not fill all the units demanded.

Tn 2;ummary, the overrides generally apply to historical demand items,

Lhte override; &) cout )ibute Lo the effectivenes.; meosures, but the

override quantities are Irequently excessive. A mule (.st effective

approach would b, to limit the overrides and expand the ranqe of demand-

ba ;edl itotfu .3
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V. RELATED STUDIES

Before the study described in this report was completed, .i study was

released by the Naval Postgraduate School (NAVPGSCOL) which also analyzed

the AD/AR TARSLL math model. The :;tudy i:: entitled "An Analysis of the 1977

AD/AR TAR.LI," or" September 1.180 and was prepared by lieuton.sit 'cmmnader

Ja&me; llarqrove, Jr. Efforts were iamde in thi; FM:;O :;tudy to .ivoid unnecesuiary

repetition of the studies described in that report. There are duplications,

however, because portions of the analysis had been completed before the

NAVPCSCOL report was received and reviewed. Areas included in the NAVPGSCOL

study that were not covered by this FMSO study include the use of frequency

distributions other than the Normal distribution to represent dem.r,,ds, and

the effects of time on load list performance. The NAVPV(S4cOL study analyzed

both the Poisson and Gamna distributions as substitutes for the Normal

distributioi currentLy u:;ed in the AbIAk TANSIAL math model. The study found

tht the load list,; biiilt with the irfi !;:-ot and the (;.ammi distributions had

t,,wer el fectivene..:; thin the ladd built with a Normil ,l1str.butio,., and

reconuieiided contiu.ed tise of then Norinal distributi,ta. The study also reported

on the resulLs of a tLe.t. which mtusureI the chaztqes ina load list effectiveness

that (xcur over Lime. The :;tudy t~und that overall effectiveness declined

lesn than 5% over .a tw( year period. iiaiwd on this and the stability of

the demand d.at.i, the study f,,und that creation of a new load list every

three years is alequate.

'Tw)w areas included in the NAVP,;SCOl, r:l-wort were ,i ;-) examined *i irinq

rJ.. I,.M; .;t' , ly. :: . , r: ll ,;,- ,)f t he A (1 , . , e.m11i( -f

r:;:; l i 'l liti y 1 )i .iil 1114(6rtg. ,fi I 1h t0flfk,V. I) W tile II 1i t 1 ;,1 Ihe I,. ,.
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model. The most importaitt factor about ttae.e .tudies is thut the reportb

disaqree. In evaI uat irti thg utc (,( I h.li AU)I) a ., me.j,airj, 'mf eit C- .11 1.11 I ty

for all items, the NAVP(;.%'Ot. :;tudy found tUat this aodo! chll.sn-e pjrfM1lu'e.

a "modest" increase in cost, an increase in effectivenets, ut lesb than onc-

half percent and, therefore, recummtded that the ch.atqe be used in Use future.

This FSO study of the same subject found a sllqht reduction in c:,,st. from

$2.3?8 million to $2.32S million, .and a large derreaso in twoth the nuP&Mr

of requi:itions tati:iel (0.U*) .mnl in the numbor of unite s.it~stii"I (wti.Si,)

(see TABLE XII). Pecaure of tho- c ftindlns. thLi. utudy rt-omendt that thal'

model chanqe not be used.

UIleting the rnnge cut from the 'mth miodel waa .sAlw wtudiu'l its buth ptiowctnq

and again each study had different results. Dur-iuq the WAVPM.%t0I, study, the

removal of the range cut increased the range from 13,.!17 to 1'),97S, cut the

cost of the load list about in half and increased effec-tivenetus less than 3t.

Further investigation was recminded because of the low cost. The NAV(akM.(L

stut'y also evaluated reducinq the raoge cut to au value of 4.0, but reomandki'

against this change. In thin VM () study, rornvinq tie range g-tat increaswd the

ranqe for the 1980 load list frrm 14,400 tgo ,S st, incr*sed the load ltit

cost from S.90, million tp S,.45') million ("ea ThAI.K Vt1i1, reduced the

number of reiui..itlons ..,tisfiodl by 1O.R1 and redu h the mbw.r 4,f lits

satisfied by 4.31 (nee ANk (OUIS) cv.,|uatomt in TAPIXI TX).

It is believe-1 that the differences between the tt,# studlios is cauaed by .,

combination of the different data used in the two !;tudies and the different

procedures employed. The 14AVPGSCL study used 1917 data as cvmpared to 19(90

data in this study. In buildinq a tent load list to compare with the basic

load list, the NAVC.SCOT. study chang.d only the math model program itself.
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'kI'ld replace the item. Theo Y2 pa~r~tr'iter is found in the routine which uses

DRF~ and item Pnflaiticri to compute AQO.

___-__ -R- I (P~ON.) (K2) 4(PP) (Y 1)

A v.tIur of (j.1 w.&% asI.gnen to K7 throiughout thi-. study.

S ri - tlaim valuo repre:;eaLS thzat portion of an item's "tender population"

(POM-) that ii iuplmrtn.1 by the rentloz. "Tetader Population" is defined as the

Itcra paspuI-ttlot Lh~st 1% u.4ft1 in applications requiring intermediate (tender)

!env aint.'njotce ov.sahhb~iatx#- to romove -ind replace the item. The K3

por.~to.r t"% w4A' to %c.jputo AVIf (nor doscriptiots of K2 parameter). A value

arQt)WV a,4nt ejd c W, I 111u- ,telhUL this study.

0.,00VI I It 'go.~.ss 41tt.40 I'trmtc% - (see APPtNDIX C fo.r definitions).

'%vi vv)? *Pwn v-dwua* ww'r- v-%qn&4 to the esent~iality parametera throughout

XF 1.00

%4PMk ~l Wt~ ;' V i-*W-t WV40 -VS4 . USc. 4 vse t I"I the Luarsc: of thisi

* ~ p~t"it~."--~'-'~ e!f' l~'t.'~wrvc V~4t~,'~f,)t at, entire

~t~a ~ ~ r~ ' ;'~~ ~ '~t ff~' wr".-uo' i*:, 1. - list qiaan-

f to-,' f * "'.M *Nca' hk "WttAt 1WS Vdj1jftCd to



the ocean AQD by the adju:;tinent factor, X2. Sinc, ther, are s;ix Atlntic ADl;

and ARs, the value of X2 in this project becomes:

X2 = 1/6 = 0.1.66 = 0.17

The value of X2 was set at 0.17 throughout this project.

KMAX and KMIN - the routine which comput,:; oll Jc, rptb?( ri.3k of

stockout for each item contains variable parameters which define the maximum

and minimum allowed values of computed risk/protection. Tho program is de-

signed to automatically u:c a maximum allowed risk (KMAX) of 0.1)77?.5 and a

minimu= allowed risk (KMTN) of 0.02;05 unless other value:; ,rte etiL-ered by

the program user. In this study, the built-in v.Ilue )I 0.02.75 For miniimum

risk (equivalent to a maximum protection of 0.97725) was used throughout

the study. However, the built-in value of 0.97725 for maximum risk was

adjusted at several points during this project. When changes were made, they

are clearly described in the body of the rex)rt and at. all other times the

built-in value was used.

As noted earlier, the TARSLL program provides several different routines

for making some cailcula.tions and also allows the user to exclude routines that

are not needed. This study made use of both of these options at appropriate

times. When, for example, the range cut procedures were not wanted or

required, the proqram was instructed by the use of the appropriate parameter

card, to skip the range cut routine. Similarly, when tests of a load listI

based on units satisfied were made, a parameter card was used to instruct

the program to use the units effectiveness computations in place of the

normal requisition effectiveness routine.

A-4



APPENDIX 1B: DEMAND/PR1CL~ DISTRIBUITION
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APPENDIX C: C0MPUT'1IUJ(I RELATI VE 1 LM F5LPENTIl JTY

The current AD/AR math inodel program usos the prc':edecures described below

to compute a numeric value for PoeItLiv,_ Item Es.-senitiality ("E") for thooe

items with no domand history. Tho va ]ie computed for "F' is used in

computing fihe iternlf s ecpabe of ,,tockout. The -- m.putitj( i1 'df "E",

uses the following itLem data:

P01'S - (L)EN E,28) - item population or~ s~upported ships requirincj only

organizational (ship) level maintenance capability to remove and

replace it.

POPT - (DEN F.20A) - itCIe pop11lationl oi supported ships requiring inter-

mediate (tender) level mainten. rice caipability to remove and replace

Lt.

MECS - (DEN E26) - ai pseudo *IvLraqe Militairy Essentiality Code, developed

in uciCP prograw E17('7. It is considered the iverage MEC for the

item population requiring organizational level maintenance.

MlECT - (DEN R2(,A) - a pseudo averiqe MEC developed in UICP program E17CZ.

It is con)sideredI the averg MEC for item popula titnrqurn

jte ~rmidi. to 1 evel ma iin tcnan-,e.

Thr. c;,mplitlLio -,I' "E ! I,, use.- the tel lowinq var i,,Lil pkiramneter,; (sec

A1HE11NDIX A).

K :2i .m-Litn It om h~n Ia jt' (DI-N V2it,) - the va Iue ancndto

"I"i t- Crflhnot he4 computed C~dC(1n~;in aa

lrs; !'vt 1-seritiil i Ly vof ti' (DEN V217) - i weighting factor

a p I ia ,r .rqitii~t icii i -r .-. i,; tilt, V.lue of

c- 1



"E" computed for the item populat irt requirinq organizational

level maintenance.

KT Tender Essentiality Coefficient (Wen V219) - a weightiq f;,ctor

assigned to the computation of " .. ' T is tihe V.ilti of "E"

computed for the item population requiring intermediate level

maintenance.

ALPHA S = Fleet Essentiality Exponent (DEN V218) - the parameter used

to control range of values that can be computed for "F," (see

above). By adjusting the value of ALPHAS, the difference

between the highest "Es", computed for the most essential

organizational level items, and the lowest "Es", computed for

the least essential organizational level items, can be changed.

Currently ALPHA S is set so that "E.. varies between 1.0 (highest

essentiality) and 0.001 (lowest essentiality).

ALPHA = Tender Essentiality Exponent (DEN V220) - used for same

purpose as ALPII S , but is applied to "ET" computations. "ET"

also ranges from 1.0 to 0.001.

The value of "E" is then computed using the following three formulae:

ES = (KSle- (116 - MECS) ALPHA S

E (KS)eS([E T  (KTle" (5 - MI:CT) AI,T'hIA,p

(POPS)ES + (POPT)E T
E. POPS + POPT

c- 2



DISTRIB[UTIONt LST

Conmande r C&.r- ,l r, Off icc r
Naval Supply Systems, Coniniand U. Naval 5ipply Depot
Washington, DC 20376 Code 51
Attn: SUP aliA (2) FPO San Francik,(co 96630

L Ibrary
Cof;,.nnd;;mq Ofrfi.(.r

Commandinq Officer U. S. laval Su;,ply Dcpot
Navy Avi,,i ion Supply Office Codc 1
Code SfIi. A FPO S:,: Franci :co 96651
Philadelplhia, PA 19111

Comn:ndi nj Offi cc r
Commander U. S. 11.ava I Supply Depot
Naval Surface Force'; Box II (Code 51)
U. S. Atlantic Fleet FPO Seattle 9116"
Attn: Code N7

N713 Chief of Naval Oj.crat ons
Norfolk, VA 23511 Navy Departricnt (oP- 6)

Washington, DC 20350
Commandinrg Officer
Naval Suplply Center Chief of taval Ol.rations
Code 50.1 Navy Departr, et (OP-41)
Norfolk, VA 23512 Was, i .notoi, DC 20350

Commandiniq Officer Commardt-i n-Chi(. f
937 North Harbor Drive U. S. Pacific fleet, Code 4.121
Naval Supply Center Pearl Harbor, lii 9686o
Code IiI
San View.o, CA 92132 Commander-in-Chief

U. S. Atlantic Fleet
Cormnandini Off eer Attr,: Supply Officer
Naval Supply Cnler Norfoll, VA 23511
Puqet Soulnd (Cod,.e 110)
Bremert(o, WA (93111 Commander Naval Air Force

U. S. Pacific Flecet
Conman(dinqi Officer Attn: Code 141i
Naval Supply Center NAS, North Island
Code loc San Dioh , CA 52135
Charle ,(, .C I29408

Conma.,ier Nov I1 Air Force
Commindini Off icer U. S. A l' itic Fl,.t
Naval StilII Center At tn: Cud,- 40
BOX 300, (1,de. Ill (I, , VA 2.) ,
Pearl Idirlor, IIl 96"(.0

Coniruuin.-v ,ft "i c ci(

(ode ?17Na,,vil i ,, , ;i (-', L:.,r.%

Coronad(%I , ((4 ' *lj

.1 vI



* Colimeander Suhtlir in tor, e Con andmit
U. S. PacIiriL Fleet , Co)de 41 Artned i ) re( - a f f(iCI Iege
P earl Hlarbor, 111 96860) Nor fo Ik, V~A ;1I 11

Cormandcer Submiarinec Force Coniniandit.' ')(t icer
U. S. Atlanitic Fleet Naval m.IyCorp., School
Attn: Ccedv Nitl I I Attn: Uu. 1'-
Norfolk, VA 73511MlanCA~t

Chief oaf N'Va 1 Re~avarc btIa-. f) -1 -1 it Center
B00 Nior t h (,%IiI-,( V S t I'(-t Cta.prr: iii c

Di rctor 11. S. Art. y t< ;cx*s Hani.,r.vrent Cc-ntti
Dcferasc Ltvi'. SIic- Ailer,(.V Dcfensc icstj adi" In frera ;on
Opprat ioI. I*.i-'arch .and Excaws;a (7

Ecr.mornic Ana-aly..i% Office Frt Iec, VA 73801
(D.A-Lo)
Came ron S t ot i tir Naval Ship Rescarch -end Devclopneiit
AlteAandriii, VA ??3114 Critter

Mr. Bern.ird P~. Roim~n 2ehed.,P 0034
U. S. Army hiwvnlory P.'.1rcLI Of CC
Rraixn 800, C11"to IISIUt. AMatt W. 11ciM-v w. (3)
2nd anid Chie!.ttht Stt. A-.-.mcia.te P' ,Cot.c 514 mr
rhl aafelp~iia, PA 1110f) Naval Ps ' M 'ao

Mnetcrcy. CA 5il?4O
Coamawndinc; (.cawud I
Attn: P832o De~partmient of thf- Air force

*Marine Corp' Lonittics Its.jc Air Force iojq;-tic% tianagevnrt
Albany, Gvorii.,3l1011 Cent vr (AU)

fd'umter Air roc'. Stat inn
* IHeady ear t (-, i, untcer, ALA 361l14

Air I oa c- I. i i i Et C a,,aamil
Wr i.t Wi .. F 'vy l're.'fc1.I, :rchi and
At t w Code- MCI I Vi ''7.(AWV
Daytem, oil 4',4'l COk'V P'703

Loiinandant
Itiwu .0 iIa -11a"p- of Owt Ai, ed F orces
Fort to-J.ite J. tk4f.air

* ~WJI%hi lhlt ol, DC

* ~~- 01l.r1!o'eip, ;c- .g R-~at

Nav;'1 Po. tp wtit oc Scfvnaal
* Moret-re'y, LA "3140
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